from the first days of disease, mainly affecting small-to-medium peptidergic neurons. The intra-articular injection of complete Freund's adjuvant and the generation of a neuroinflammatory environment seem to be the plausible explanation for the local nerve damage.
Activating transcription factor 3 (ATF-3) has been suggested as acting as an 'adaptive response' due to its ability to respond differently accordingly to the cellular context [3] . Its inclusion in anti-and pro-apoptosis mechanisms [4] , cell survival [5] , regeneration [6] and neuroprotection [7] signaling events has been reported. In a pAkt-mediated survival pathway the ATF-3/c-Jun heterodimer has been suggested to promote nerve elongation and inhibit apoptosis in neurons under death stress such as nerve injury [8] . In pain models, a marked increase in pAkt levels was observed following peripheral nerve injury, whereas carrageenan-induced inflammation induced only slight increases in the number of pAkt-positive DRG neurons without affecting the activated (phosphorylated) protein levels. Despite the significance of these results, a very limited effect of the intradermal carrageenan injection, and the associated inflammatory mechanisms, was demonstrated [9] . However, the role of these biomolecules in pain pathophysiology is still to be unmasked.
Nowadays, ATF-3 is mostly assumed as a neuronal injury marker, after its expression was found to be highly induced in several models of neuropathic pain [10] [11] [12] . Interestingly, in the collagen-induced arthritis and monoiodoacetate-induced osteoarthritis joint pain models, ATF-3 was also expressed in DRG neurons [13, 14] , suggesting some degree of neuronal damage is occurring. However, data on ATF-3 expression in primary afferents in different models of inflammatory pain have not always been consistent [15] [16] [17] . For example, intraplantar injection of complete Freund's adjuvant (CFA) did not induce any ATF-3 expression, suggesting there is no neuronal damage associated [15, 16] .
Taking into account these controversial data and the sparse information available on the role of ATF-3 in pain processing, we aimed to investigate its expression pattern in primary afferents during different timepoints of monoarthritis (MA), a well established model of chronic joint inflammatory pain induced by injection of CFA into the tibiotarsal joint [18] . In order to characterize the neuronal populations most implicated, we further analyzed the ATF-3-expressing cells' size distribution and colocalization with isolectin B4 (IB4) or calcitonin gene-related peptide (CGRP) [19] . CGRP has early been described to potentiate pain signaling from primary sensory neurons to the spinal cord, functioning as a mediator of neurogenic inflammation at the periphery [20] . It has been recognized as a nerve regeneration-promoting peptide, after neuronal damage [21] . More recently, its expression was shown to be either increased or decreased depending on the sciatic nerve injury, indicating that the nature of the peripheral injury has an impact on CGRP expression [22] even affecting different neuronal populations [23] . Thus, possible changes in CGRP expression during MA were also evaluated. In order to investigate the trigger of a possible survival pathway associated to ATF-3 induction in MA, pAkt expression was also analyzed. Additionally, we administered an anti-inflammatory non-selective cyclooxygenase (COX) inhibitor (ketoprofen) in order to evaluate its effect on ATF-3 and CGRP expression during establishment of MA. Parts of this work have been published in abstract form [24, 25] .
Materials and Methods

Animal Handling and MA Induction
Experiments were carried out in adult male Wistar rats (Charles River Laboratories, France) weighing between 200 and 300 g. A total of 42 animals were used in this study but 2 of them were excluded since they developed signs of polyarthritis (see Results). Animals were housed 2-3 animals per cage under controlled conditions of lighting (12-hour light/12-hour dark cycle) and temperature as well as water and food ad libitum. Efforts were made in order to minimize pain and distress and reduce the number of animals used. All procedures were carried out according to the European Communities Council Directive 86/609/EEC amended by the Directive 2003/65/CE of July 22, 2003 and to the ethical guidelines for investigation of experimental pain in animals [26] . MA was induced by injecting 50 l of CFA into the left tibiotarsal joint [18] under isoflurane anesthesia (5% for induction, 2.5% for maintenance). CFA was prepared as previously described [27] and MA animals were allowed to survive for 2, 4, 7 and 14 days. Control animals were injected with 50 l of CFA vehicle (composed by the same reagents as CFA except for Mycobacterium butyricum ) and allowed to survive for 2 days. To minimize fear-motivated behaviors, animals were habituated to the experimenter for several days before CFA injection and during the progression of MA. The evolution of the inflammatory reaction was monitored daily and was scored according to Castro-Lopes et al. [28] . This score takes in consideration the inflammatory signs of the injected ankle and reduction of the locomotor activity. Score 0 means no inflammatory signs. Score 1 indicates the presence of minor changes such as redness and swelling and score 2 denotes more intense swelling and some avoidance of passive movements. In score 3, additionally, rats show reluctance to place weight over the affected limb. In score 4, there is severe inflammation with persistent flexion of the affected limb and repercussion over the motor activity of the animal. In order to better evaluate the severity of inflammation, the diameter of the animals' affected paw was also measured, right before sacrificing them.
Immunohistochemistry
All animals were perfused through the ascending aorta with 250 ml of oxygenated Tyrode's solution followed by 750 ml of paraformaldehyde 4% in phosphate buffer (PB) 0.1 M , after intraperitoneal anesthesia with chloral hydrate 35% (0.1 ml/100 g of animal weight). The ipsi-and contralateral DRGs corresponding to spinal segments L 3 , L 4 and L 5 were removed and post-fixed in the same Nascimento/Pozza/Castro-Lopes/Neto Neurosignals 2011; 19:210-221 212 fixative solution for 4 h and then cryoprotected overnight (sucrose 30% in phosphate buffer saline (PBS) 0.1 M ). The DRGs, either belonging to CFA vehicle-injected controls or inflamed CFA-injected animals with 2, 4, 7 and 14 days of MA, were cut sequentially into 14-m sections in a freezing cryostat (-20 ° C). The material was collected into poly-L -lysine-coated slides, air dried and stored at -20 ° C until immunohistochemistry was performed.
After the blocking step in the correct normal serum (normal goat serum for ATF-3 single and ATF-3/pAkt double immunohistochemistry and normal horse serum for triple immunoreaction against ATF-3, CGRP and IB4), in order to avoid unspecific bindings, slides containing every fifth section of each DRG were incubated for 48 h at 4 ° C in appropriate primary antibodies. Sections were then incubated for 1 h at room temperature in the suitable secondary antibodies. For the single immunolabeling against ATF-3, L 3 , L 4 and L 5 ipsi-and contralateral DRG sections (n = 5 rats for each experimental group) were incubated in polyclonal rabbit anti-ATF-3 (1: 500; C-19: sc-188; Santa Cruz Biotechnology, Inc.). Detection was achieved by Alexa 594 goat-anti-rabbit (1: 1,000; A11012; Molecular Probes, USA). For the double immunolabeling against ATF-3 and pAkt, L 5 ipsilateral DRG sections (n = 4 rats for controls; n = 5 rats for each of the other experimental groups) were incubated in polyclonal rabbit anti-ATF-3 (1: 500) and monoclonal mouse anti-pAkt (1: 1,000; 5106S; Cell Signalling). Detection was achieved by Alexa 594 goat-anti-rabbit (1: 1,000) for ATF-3, and Alexa 488 goat-anti-mouse (1: 1,000; A11029; Molecular Probes) for pAkt. For the triple immunolabeling against ATF-3, CGRP (neuronal marker for peptidergic primary afferents) and IB4 (neuronal marker for non-peptidergic primary afferents), L 5 ipsilateral DRG sections (n = 5 rats for controls and the 4d MA; n = 4 rats for each of the other experimental groups) were firstly incubated in polyclonal rabbit anti-ATF-3 (1: 500) and polyclonal sheep anti-CGRP (1: 4,000; ab22560; Abcam, Cambridge, UK). Detection was achieved using Alexa 488 donkey anti-rabbit (1: 1,000; A21206; Molecular Probes) for ATF-3, and Alexa 568 donkey anti-sheep (1: 1,000; A21099; Molecular Probes) for CGRP. Slides with the DRG sections were afterwards incubated in the biotin-conjugated IB4 from Bandeiraea simpli cifolia (1: 1,000; L2140; Sigma-Aldrich) specially diluted in a PBS with Triton X-100 (PBST) solution (without normal serum), containing magnesium chloride (MgCl 2 ), manganese chloride (MnCl 2 ) and calcium chloride (CaCl 2 ) in a 1: 50 final concentration, for one night, at room temperature. Detection was achieved by incubation in Streptavidin 350 (1: 200; Jackson ImmunoResearch Laboratories, Inc.). As specificity controls for each immunoreaction, slides were processed in a similar way as described above but without incubation in primary antibody.
At the time of analysis, glass slides containing the immunoreacted sections were coverslipped with glycerol prepared with PBS 0.4 M and visualized under fluorescence microscope.
Ketoprofen Treatment
MA was induced in rats as described above, and ketoprofen, a non-steroidal anti-inflammatory COX inhibitor drug, was daily administered subcutaneously (5 mg/kg of rat/24 h). In a first experimental group, ketoprofen daily treatment started at day 0, when MA was induced by CFA injection, to diminish the development of the neuroinflammatory environment right from the beginning. In a second experimental group, ketoprofen daily treatment started only after day 2 of MA, as we knew that ATF-3 was already significantly induced in L 5 ipsilateral DRGs at this timepoint. A control group of rats was injected with CFA into the tibiotarsal joint to induce MA, and received a daily subcutaneous saline injection. All animals were perfused at 4 days of MA (n = 5 rats for each experimental group), the peak of ATF-3 expression, and the L 5 ipsi-and contralateral DRGs were dissected and further processed for immunohistochemistry against ATF-3 (n = 4 rats for each experimental group) and CGRP (n = 5 rats for each experimental group) as described above. All animals were evaluated for the severity of inflammatory symptoms by using an appropriate score [28] and by measuring the diameter of the inflamed paw as described above.
Data Analysis
Cell Counting Immunohistochemistry analysis was performed in a blinded manner using a fluorescence microscope (AxioImager Z1; Zeiss) coupled to a digital camera (AxioCam MRm) and computer image software (AxioVision 4.6) to grab the images. For the photomicrographs, the acquisition conditions such as amplification of the objective, light intensity, contrast and hue were maintained constant.
For ATF-3 single labeling, all immunoreactive (IR) cells were counted in every fifth section of the ganglion and divided by the total of tissue sections containing neuronal cell bodies present in the respective glass slides (approximately 9-12 sections per DRG). ATF-3 nuclear labeling is very clear and undoubtedly easy to detect, so only cells where nuclei were visualized were considered. For quantification of pAkt-IR cells in ATF-3+pAkt double labeling, a threshold was established based on labeling for fibers, and only cells with a signal above that threshold were considered as positive. This was performed with the help of the ImageJ version 1.37 (free access software) computer program. At least 350 total cells with visible nuclei per rat (corresponding more or less to a sample of 1,500 cells per experimental group) were randomly chosen from 8 to 9 (every fifth) sections of the same DRG and were counted, as similarly described before [23, 29] . pAkt immunoreactivity was expressed as the percentage of pAkt-IR cells in the total number of counted neurons. Colocalization between pAkt and ATF-3 was expressed as the percentage of double IR cells in the total number of ATF-3-IR cells (ATF-3 neuronal population). For the triple immunolabeling against ATF-3, CGRP and IB4, quantification was done also randomly in 8-9 sections by using an approach similar to that described for pAkt. Depending on the marker this corresponded to 400-750 labeled neurons per experimental group. Thus, in order to evaluate the expression of ATF-3 and the two markers individually, IR cells (for each of the three molecules) were counted and divided by the total number of selected neurons. To obtain percentages of colocalization between ATF-3 and CGRP or ATF-3 and IB4, double labeled cells were also counted and divided by the total number of ATF-3-expressing neurons [15] . This same random selection of at least 350 total cells in 8-9 sections of the same DRG and a similar calculation of percentage values was used in single CGRP labeling for both untreated MA and ketoprofen-treated MA animals.
Cell Size Distribution
Areas of all the ATF-3-IR cells were measured in all experimental groups (n = 4 rats for 7d MA; n = 5 rats for each of the other experimental groups), in order to evaluate possible switches in ATF-3-positive neuronal population(s) along MA progression. CGRP-positive neuron areas were measured in the same IR cells randomly selected for cell counting (n = 5 rats for controls and the 4d MA; n = 4 rats for each of the other experimental groups). IR cells with visible nuclei were manually outlined using a computer mouse and the cross-sectional area was determined using the ImageJ version 1.37 (free access software) [29, 30] . Cell areas were grouped into three categories: small ( ! 600 m 2 ), medium (600-1,200 m 2 ) and large neurons ( 1 1,200 m 2 ) as described by Noguchi's group [31] .
Statistical Analysis
Statistical analysis was performed by using GraphPad Prism 5 (GraphPad Software) and SPSS 13.0. One-way analysis of variance (one-way ANOVA) was performed for all data to investigate significant differences between experimental groups, followed by the appropriate post-hoc tests when the level of significance was considered as p ! 0.05.
Bonferroni post-hoc test was used to discriminate differences between all experimental groups in ATF-3 and pAkt single immunolabeling, ATF-3 and pAkt colocalization and also in triple immunoreactions against ATF-3, CGRP and IB4. This post-hoc test was also used to evaluate differences in paw diameter. The Newman-Keuls multiple comparison test was used to discriminate differences in cell size distribution of ATF-3-or CGRP-positive cells. In order to find differences in ATF-3 or CGRP expression between the non-treated 4d MA rats (non-ketoprofen group), the 4d MA rats treated during 2 days (2d ketoprofen) and the 4d MA rats receiving ketoprofen from day 0 (4d ketoprofen), the Newman-Keuls multiple comparison post-hoc test was also used.
Results
MA Was Successfully Induced
All CFA-injected rats showed severe inflammatory symptoms such as swelling, redness and avoidance to put weight over the inflamed paw. This was reflected in mean inflammatory scores near 4 (maximum score), right after the second day of MA (3.67 8 0.12), maintaining this condition up to the 14th day (3.75 8 0.13) in accordance with our previous work [32, 33] . Controls showed insignificant mean scores (0.67 8 0.11), probably due to local trauma caused by the injection procedure. MA animals' inflamed paws showed also significantly (p ! 0.001) greater diameters at all inflammatory timepoints (1.24 8 0.03 cm for 4d MA, for example) than controls (0.59 8 0.02 cm). Therefore, MA was successfully and homogenously induced in all animals injected with CFA, as they were all showing similar physiological responses at each timepoint of disease.
Some animals in the latter phases of the condition (14 days of MA majorly) may develop polyarthritis, with the contralateral non-injected paw and sometimes the tail starting to show inflammatory signs, as described by Butler et al. [18] . In our study, all animals showing signs of polyarthritis (n = 2 rats) were immediately excluded.
ATF-3 Is Highly Induced in Primary
Afferents during MA ATF-3 expression was induced in the ipsilateral DRG neurons of MA rats at all timepoints of inflammation ( fig. 1 b, c) . The number of ATF-3-IR cells per tissue slice was significantly increased at 2 and 4 days of MA and it started diminishing after that period, although at 7 and 14 days of inflammation ATF-3 was still induced. Increases were observed in all DRG levels studied (L 3 , L 4 and L 5 ), but were more considerable in L 4 and L 5 ganglia, while DRGs from control rats showed no significant ATF-3 expression ( fig. 1 c) . Statistical significant differences were reached at 4 days of MA for the L 4 , and at 2 and 4 days of MA for the L 5 DRGs (p ! 0.05; one-way ANOVA followed by Bonferroni post-hoc test ; fig. 1 c) . No significant expression of ATF-3 was observed in either controls or contralateral DRGs in any experimental group ( fig. 1 a) .
ATF-3-Expressing Cells Are Mainly Small-to-Medium Neurons
Measurement of the cells' areas indicated that ATF-3 is majorly expressed by small-to medium-sized neurons during MA. This is especially obvious for the later stages of disease, since the number of ATF-3-expressing cells belonging to the large-sized group of neurons ( 1 1,200 m 2 ) is much lower than that of small ( ! 600 m 2 ) and medium cells (600-1,200 m 2 ) in the 7 and 14d MA rats ( fig. 1 d) . Statistical analysis of significant differences in the number of ATF-3-IR cells between each of the three distinct sizes within the same experimental group revealed that they were only significant for the 14d MA animals (1. fig. 1 d) .
Expression of ATF-3 Is Higher in Peptidergic than in Non-Peptidergic Neurons
Analysis of ATF-3 single labeled cells ( fig. 2 a) corroborated data previously obtained confirming that MA induces ATF-3 expression in ipsilateral primary afferent neurons ( table 1 ) . Thus, the ATF-3 expression was always higher in MA animals when compared to controls which showed no ATF-3 expression. As in the previous data, the 2d (with 6.1 8 1.0% ATF-3-IR cells) and 4d (8.0 8 [31] , revealed they were mainly small ( ! 600 m 2 ) and medium-sized (between 600 and 1,200 m 2 ) neurons at all timepoints of MA. This is especially evident for the later stages of disease (14d MA) where significant differences were found for different size categories. * represents p ! 0.05 and * * * represents p ! 0.001. One-way ANOVA followed by Newman-Keuls multiple comparison test for evaluating differences in the numbers of IR cells between each size within each experimental group. n = 5 rats for all groups except for 7d MA with n = 4 rats.
2.4% ATF-3-IR cells) MA animals were the ones showing greater and significantly different values in comparison to vehicle-injected rats (p ! 0.01 and p ! 0.001 for the 2d and 4d MA, respectively; one-way ANOVA followed by Bonferroni post-hoc test; table 1 ).
Colocalization percentages for CGRP (marker of peptidergic primary afferents) and ATF-3 within the ATF-3-positive neuronal population ( fig. 2 d; table 1 ) were low in MA rats, especially at later stages of disease (low at 7 days and no colocalization at 14 days; table 1 ). As expected, no colocalization was found for controls, where no ATF-3 expression was observed. However, statistically significant differences were detected for the population of ATF-3 cells also expressing CGRP. Indeed, colocalization between ATF-3 and CGRP was significantly different for 2d MA (16.0 8 3.7% CGRP+ATF-3-IR cells in the ATF-3 neuronal population) and 4d MA (26.7 8 2.4%) when comparing either to 7d or to 14d MA rats ( table 1 ). These Values shown in percentages as mean 8 SEM. * were used to point significant differences between small-sized neurons and the other two size categories (medium and large); # were used to point significant differences between medium-and large-sized neurons. # represents p ! 0.05 and * * * / ### represents p ! 0.001. One-way ANOVA followed by Newman-Keuls multiple comparison test. n = 5 rats for controls and 4d MA, and n = 4 for each of the other experimental groups.
enhanced colocalizations for the 2d and 4d MA reflect the increases in ATF-3 expression during MA at these timepoints, as described above ( fig. 1 c; table 1 ). On the other hand, colocalization percentages of ATF-3 and IB4 (marker of non-peptidergic primary afferents) within the ATF-3-positive neuronal population were very low (much lower than ATF-3 and CGRP colocalization) and did not show any significant differences ( fig. 2d; table 1 ).
Quantification of CGRP or IB4 ( fig. 2 b, c; table 1 ) single labeled IR cells in ipsilateral ganglia revealed no statistically significant differences in their expression during MA. Also, no noticeable changes in CGRP labeling intensity were seen.
CGRP-Expressing Cells Do Not Undergo a Neuronal Population Switch during MA
The majority of CGRP-expressing cells, in respect to the total CGRP-positive neuronal population, were smallsized neurons (above 80% for all experimental groups), and a smaller portion were medium-sized neurons (around 15%; no significant differences between experimental groups). On the other hand, the percentage of larger CGRP neurons was nearly insignificant ( fig. 2 e) . This pattern for the size distribution of CGRP-IR cells was also observed when analyzing in respect to the total DRG neuronal population (data not shown).
Possible changes in the pattern of size distribution of CGRP-expressing neurons in response to MA were also investigated, but these were not found. In fact, percentage values (both in respect to CGRP-positive or to the total DRG neuronal populations) were very similar when comparing all the different experimental groups ( fig. 2 e; table 1 ).
ATF-3 and pAkt Colocalization Has Not Changed during MA
The number of pAkt-IR cells was relatively high at baseline, with ipsilateral L 5 DRGs from control animals showing 52.3 8 3.0% pAkt-IR cells in the total DRG neuronal population ( fig. 3 b, d ). This number was maintained quite constant throughout the earlier timepoints of MA (50. In what concerns pAkt colocalization with ATF-3 ( fig. 3 c, e) , the quantification revealed that the percentage of double-labeled cells in respect to the total population of ATF-3-positive neurons achieved values around 55% (50.4 8 4.3, 55.8 8 5.6, 47.8 8 14.2 and 64.6 8 4.4 for the 2, 4, 7 and 14 days of MA rats, respectively). This value has not significantly changed between MA inflamed animals, as can be easily observed in figure 3 e. No colocalization was found for controls, where none ATF-3 expression was observed.
Ketoprofen Treatment Did Not Affect ATF-3 Induction during MA but Increased CGRP Expression
Ketoprofen-treated MA rats showed significantly (p ! 0.01) smaller paw diameters (1.1 8 0.1 and 1.0 8 0.0 cm for 4dMA+2dKet and 4dMA+4dKet, respectively) in comparison with respective untreated MA animals (1.2 8 0.0 cm for 4d MA), although main inflammatory signs, as some swelling, redness and still some reluctance to place weight over the affected limb, remained. How- C olocalization between ATF-3 and the neuronal markers used was lower than expected; however, significant differences were found in the colocalization with CGRP for the 2d and 4d MA rats. Similar differences were never found for colocalization of ATF-3 with IB4. * Significant differences to control. # Significant differences to 7d MA. § Significant differences to 14d MA. * or # represents p < 0.05; ** or § § represents p < 0.01; ### or § § § represents p < 0.001. One-way ANOVA followed by Bonferroni post-hoc test.
ever, no differences for ATF-3 expression were found ( fig. 4 g fig. 4 
f).
Discussion
In this study, it is reported for the first time that CFA intra-articular injection induces an immediate and transient ATF-3 expression in ipsilateral DRGs. ATF-3 expression occurs mainly in small-to-medium peptidergic neurons. No relevant colocalization was found for ATF-3 and pAkt, suggesting ATF-3 is not implicated in a survival pathway involving pAkt during MA. Finally, administration of an anti-inflammatory drug did not reverse ATF-3-induced expression in MA.
As ATF-3 is regarded as a marker of neuronal lesion [12] , data suggest that some degree of neuronal damage is probably occurring, at least in an initial phase of the disease. This is supported by studies in the MIA-induced osteoarthritis model (in the knee joint) where a great ex- pression of ATF-3, suggestive of possible neuropathy in the early phase of the disease, was observed [14] . Controversially, others showed that antigen-induced arthritis in the knee did not induce ATF-3 expression, although there was great macrophage infiltration, implying that profound inflammation by itself cannot trigger ATF-3 induction [17] . It seems that peripheral injection of different chemical stimuli induced a stable, time-and dose-dependent significant ATF-3 expression in DRG neurons, while intraplantar injection of CFA failed to evoke ATF-3 induction [15] . Considering our data in MA, it appears that CFA only triggers ATF-3 expression in primary afferents when injected in joints. The intra-articular injection procedure per se does not seem to induce nerve damage, since no ATF-3 expression was detected in controls. Thus, the only possible neuronal damage inducer is likely to be CFA itself. This may also be related to specific sensitization of joint nociceptors, different for those found in skin [1] . In fact, most studies focus on cutaneous nociception, while joint pain mechanisms are not fully clarified. Chronic pain incidence in deeper tissues and joints might actually reflect enhanced vulnerability of the anatomical structures involved [1] . Additionally, as ATF-3 expression is triggered by TNF-␣ and IL-1 [3, 34] , it is likely that the neuroinflammatory environment generated in response to CFA leads to local nerve damage in the joint and consequently induces ATF-3 expression in primary afferent neurons. In support, Dilley et al. [35] found ATF-3 was upregulated in DRGs following local nerve inflammation of intact sciatic nerves induced by wrapping oxidized cellulose saturated in CFA around the nerve. The transient ATF-3 expression also found in MA is consistent with other studies [36, 37] . This temporal pattern is probably due to an ability of ATF-3 to act as a transcriptional autorepressor [38] . Alternatively, the transient pattern might be explained by the occurrence of regeneration mechanisms, which in fact have already been associated with ATF-3 expression [39, 40] . Cell size measurement of ATF-3-expressing neurons indicated they are mainly distributed among small-tomedium populations in L 5 DRGs from MA rats. This size distribution was relatively constant throughout disease progression. Significant differences within each experimental group were found only at 14 days, indicating that in later phases of the disease ATF-3 is induced mainly in medium-sized neurons. However, triple immunoreactions against ATF-3 and the CGRP and IB4 neuronal markers did not show the expected colocalization with ATF-3 suggested by cell size analysis. The number of IB4-IR cells did not significantly change along MA or when compared to controls. Moreover, the ATF-3 and IB4 colocalization did not suffer any changes between experimental groups, and, besides, was very low. Considering that a high number of ATF-3-positive neurons were small-sized, this low colocalization with IB4 might seem surprising. However, others found no IB4/ATF-3 double labeled cells following severe nerve damage [29] .
The ATF-3 and CGRP colocalization was significantly increased at 2 and 4 days of MA, which reflects the significantly increased ATF-3 expression we found at these timepoints of disease. However, the same was not found for colocalization with IB4. Thus, this increased colocalization with CGRP probably means ATF-3 is mainly induced in peptidergic primary afferents at the early timepoints of MA. However, the values of this colocalization were lower than expected if considering that a high number of ATF-3-positive neurons during MA were small-tomedium-sized. Indeed, ATF-3 expression has been associated with reduced CGRP mRNA expression after nerve crush, with CGRP being expressed only in uninjured neurons neighboring injured sensory neurons, which may paradoxically alter how CGRP is expressed in intact neurons [41] . This is a plausible explanation for the low colocalization found for ATF-3 and CGRP.
CGRP is normally released under painful stimulation potentiating nociceptive signaling [42] , and plays important roles in the maintenance of both neuropathic and inflammatory pain states [22, 23, 43, 44] . In MA, no significant differences in CGRP expression were found. Although increased CGRP levels are usually driven by inflammation, our data are actually in accordance with previous reports where CGRP expression in DRGs was not significantly altered until the later timepoints (21 days) in arthritic pain [43] . Additionally, there is ATF-3 expression in DRGs during MA which indicates neuronal injury is most likely occurring. As discussed earlier, it has been proposed that injured neurons may alter CGRP expression in intact neurons [41] . Furthermore, the nature of the peripheral nerve injury seems to have an effect on CGRP expression dynamics [22] . Others observed a considerable increase in CGRP release from DRGs during the development of inflammation and hyperalgesia, therefore explaining the significantly decreased number of CGRP-IR cells in primary afferents 2 days after CFA subcutaneous injection [44] . Cell size measurement of CGRPexpressing cells showed they are mostly small and that no neuronal population switch occurs, meaning CGRP is expressed in neurons with identical size profiles during MA, similar to other studies [44] .
In the nervous tissue, ATF-3 has been found to enhance neurite outgrowth [39] and to increase the intrinsic growth state of injured neurons [40] . Overexpression of ATF-3 induces neurite elongation and inhibits apoptosis via Akt activation [8] . Therefore, we hypothesize that ATF-3 is induced during MA as a neuronal injury/stress factor, in order to drive cells into a survival/regeneration pathway. The percentage of pAkt-IR cells in the total neuronal population was relatively high even in control animals. This is in accordance with Pezet et al. [45] who reported that pAkt is present in almost every DRG neuron of the rat, although in low levels. pAkt expression reached values around 50% which is also supported by the study of Hökfelt's group [9] , although this was performed in mice. Other studies in rat revealed this percentage only achieves values around 10% [46] , but a lot of controversy still remains. Besides possible species differences, the difficulty in detecting pAkt expression and the sensitivity of the methodological approaches might also be implicated [9] . pAkt individual expression did not show any significant difference among any experimental groups. While capsaicin-or carrageenan-induced inflammation seems to induce increases in pAkt activation [9, 45] , one of the few studies on pAkt expression after peripheral nerve injury showed a strong reduction 7 days after the model induction [46] . Although MA is mainly an inflammatory model, some degree of peripheral neuronal damage seems to occur judging from ATF-3 expression, and additionally the time frame of the inflammation is distinct from that observed upon carrageenan or capsaicin. Thus, a possible overlap between inflammatory and neuropathic events might be balancing Akt phosphorylation levels in MA. Also pAkt and ATF-3 colocalization, around 55%, did not change during MA progression. Thus, it is not probable that a survival pathway involving both Akt and ATF-3 is being activated during MA.
The upregulation of COX-2 and production of prostanoids are the central mechanisms for the higher hyperalgesia found in many models of peripheral inflammation [47] . In MA rats, administration of ketoprofen, a COX inhibitor anti-inflammatory drug, could not reverse ATF-3 expression. Thus, prostanoid production is unlikely to trigger ATF-3 induction, and consequent neuronal injury, in the MA model. Ketoprofen-treated MA animals showed slightly reduced paw diameters than untreated MA rats, though this was not reflected in ATF-3 expression (therefore suggesting neuronal damage is still present). Additionally, ketoprofen-treated rats showed higher CGRP expression, particularly in the 4d MA+2d Ket group. Staton et al. [48] observed decreased CGRP expression following oral administration of rofecoxib to CFA knee-injected rats between days 13 and 17. Separated quantification of small-or medium-sized cells, but particularly the differing treatments (ways of administration and timepoints) may account for the disagreement with our data in MA. Of note, our treatments started at the peak of ATF-3 induction, when apparently neuronal injury is occurring. With ketoprofen treatment, although inflammation is partially subsided, some degree of neuropathy still remains, since ATF-3 expression did not change. As discussed above, CGRP expression under these conditions might show distinct dynamics [22] . Additionally, considering Galeazza et al.'s studies [44] it is possible that the anti-inflammatory drug is blocking CGRP release from DRGs. These two conditions may lead to the greater values of CGRP immunoreactivity found in DRGs of ketoprofen-treated animals.
In conclusion, ATF-3 is expressed in DRGs in early stages of MA, suggesting neuronal damage is occurring. This is probably due to the neuroinflammatory environment induced by CFA intra-articular injection.
